4-Aminopyridine reveals presynaptic GABA actions in rat sympathetic ganglia by Grafe, Peter et al.
Amino Acid Neurotransmitters 




Francis V. DeFeudis, Ph.D. 
Professor of Biochemistry 
Universite de Strasbourg 
Faculte de Medecine 
Strasbourg, France 
Paul Mandel, M.D. , Ph.D. 
Professor of Biochemistry 
Honorary Director, Centre de 
Neurochimie du CNRS 
Universite de Strasbourg 
Faculte de Medecine 
Strasbourg, France 
Raven Press • New York 
Contents 
xxvii Introductory Comments 
P. Mandel 
Amino Acids and Integrated CNS Functions: Behavioral and Clinical 
Implications 
1 Inhibitory Amino Acids, Aggressiveness, and Convulsions 
P. Mandel, L . Ciesielski, M. Maitre, S. Simler, Ε. Kempf, and G. Mack 
11 GAB A Systems and Behavior 
Werner P. Koella 
23 The Role of GABA in the Basal Ganglia and Limbic System for Behaviour 
J. Scheel-Krüger, G. Magelund, and Μ. Olianas 
37 Evaluation of the Role of Cortical GABA in the Induction of Abnormal 
Involuntary Movements in Rats 
M. Robin, M. Palfrey man, Μ. Zraika, and P. Schechter 
45 Effect of -γ-Vinyl GABA Alone or Associated with Diazepam on a Conflict 
Test in the Rat 
Sylvie Huot, Marc Robin, and Michael G. Palfreyman 
53 Extracellular Calcium and Potassium Changes in Mammalian Neocortex 
R. Pumain and U. Heinemann 
59 Neuropharmacological Actions of GABA Agonists: Predictability for Their 
Clinical Usefulness 
Kenneth G. Lloyd and Paul Worms 
69 THIP, Isoguvacine, Isoguvacine Oxide, and Related GABA Agonists 
P. Krogsgaard-Larsen, B. Schultz, Hans Mikkelsen, T. Aaes-J0rgensen, 
and K. P. B0ges0 
11 Roles of GABA and Glycine in the Substantia Nigra 
C.J. Pycock, D. Dawbarn, and R. W. Kerwin 
89 Inhibitory Amino Acids and Periodic Discharges of Respiratory Neurons 
in the Medulla of the Cat 




97 Glutamate as a Transmitter of the Hippocampal Commissural System 
Cordula Nitsch 
105 Rat Undercut Cortex as a Model for the Study of Central Amino Acid 
Transmission 
G. Ulmar 
115 Glutamic Acid in Nervous Tissue and Changes of the Taurine Content: Its 
Implication in the Treatment of Epilepsy 
Nico Μ. van Gelder 
127 The Function of Taurine in the Central Nervous System 
David K. Rassin 
Amino Acid Uptake and Release 
135 Heterocyclic GABA Analogues as Selective Inhibitors of Astroglial GABA 
Uptake 
A. Schousboe, Ü.M. Larsson, L . Hertz, and P. Krogsgaard-Larsen 
143 Effects of GABA Metabolism on [ 3 H]-GABA Transport 
in Synaptosomal Preparations from Rat Cerebral Cortex 
Colin R. Gardner, Mary H. Richards, and Jeffrey Grove 
151 High Affinity Uptake of Taurine and β-Alanine—A Mechanism Involved 
in Neuronal Differentiation? 
V.J. Balcar and Β. M. Chronwall 
161 Comparison of the Uptake Processes of Taurine, Hypotaurine, and GABA 
Pirjo Kontro 
169 GABA and Its Interaction with ACh in the Rabbit Retina 
Dianna A. Redburn and Stephen C. Massey 
175 Potassium-Stimulated Release of Taurine, Hypotaurine, and GABA from 
Brain Tissue In Vitro 
S.S. Oja, E.R. Korpi, and Pirjo Kontro 
183 In Vivo Release of Newly Synthesized GABA in the Basal Ganglia of the 
Cat 
C. Gauchy, M.L. Kemel, J. Glowinski, and M.J. Besson 
193 Release of Endogenous GABA from the Rat Brain: Methodological As­
pects and the Effects of Catecholamines 
J. Α. Μ van der Heyden, Κ. Venema, P. Lebrun, J.B. Sebens, and J. 
Korf 
CONTENTS xi 
Receptor Pharmacology: Electrophysiological Studies 
205 Pharmacology of Excitatory Amino Acid Transmitters 
J.C. Watkins 
213 Receptors for the Excitatory Amino Acids 
H. McLennan, T.P. Hicks, andJ.G. Hall 
223 Studies with Excitatory Amino Acid Antagonists in Rat CNS: 2-Amino-
5-Phosphonovaleric Acid, Phenytoin, and Benzodiazepines 
T. W. Stone 
231 Action of GABA on Hippocampal Neurons 
K. Krnjevic 
239 Depolarizing Postsynapic Actions of GABA in the Rat Dentate Gyrus 
S. Y. Assaf, V. Crunelli, and J. S. Kelly 
249 Amino Acids and Presynaptic Inhibition 
Robert A. Davidoff 
257 4-Aminopyridine Reveals Presynaptic GABA Actions in Rat Sympathetic 
Ganglia 
P. Gräfe, Μ. Galvan, and G. ten Bruggencate 
263 New Insights into the Mechanism of Action of Inhibitory Amino Acids 
on Frog Spinal Neurones 
A. Nistri 
271 Possible Role of Divalent Cations in Amino Acid Responses of Frog Spinal 
Cord 
Ante L . Padjen and Peter A. Smith 
281 GABA Receptor Functions in Cultured Mouse Spinal Neurons 
Jeffrey L . Barker, John F. MacDonald, David A. Mathers, Robert N. 
McBurney, and Wolfgang Oertel 
295 Amino Acids and Neurotransmission in Rat Cerebellar Cortex 
F. Crepel, N. Delhaye-Bouchaud, and R. Pumain 
301 Opposite Effects of 5,5-Diphenylhydantoin and Picrotoxin on GABAergic 
Inhibition in Crayfish Stretch Receptor 
C. Claire Aickin, R.A. Deisz, andH.D. Lux 
309 Physiological Study of Amino Acid Uptake and Receptor Desensitiza-
tion: The GABA System in Dorsal Root Ganglia 
M. Desarmenien, F. Santangelo, G. Linck, P.M. Headley, and 
P. Feltz 
CONTENTS 
321 Actions of GABA on Mammalian Neurones, Axons, and Nerve Terminals 
D. A. Brown, A.J. Higgins, S. Marsh, and T. G. Smart 
327 Uptake Inhibitors, Amino Acids, and Spinal Neurones 
D. Lodge 
333 Structure/Activity Studies at a Baclofen-Sensitive, Bicuculline-lnsensitive 
GABA Receptor 
N.G. Bowety, A. Doble, D.R. Hill, A.L. Hudson, M.J. Turnbull, and 
Ruth Warrington 
343 The Neurohypophysial GABA System 
R.D. Mathison and J. J. Dreifuss 
351 Glutamate Actions on Crustacean Muscle 
Ernst Florey and Martina Rathmayer 
359 Synaptic Transmission in Crustacean Muscle: Effects of Elimination of the 
Inhibitor Fiber on Excitatory Transmission 
J. Dude I, Y. Grossman, and I . Parnas 
365 Amino Acid Actions in Invertebrate Nervous Systems 
A. Takeuchi, K. Onodera, and R. Kawagoe 
369 Opposing Actions of Convulsants and Anticonvulsants on GABA 
Responses of Crayfish Stretch Receptors 
P.R. Adams, A. Constant!, and F. W. Banks 
Amino Acid Receptors: Ligand-Binding and 
Autoradiographic Studies 
379 Receptors for Excitatory Amino Acids: Binding Studies and Stimulation 
of Cyclic GMP Levels 
Peter J. Roberts 
387 Biochemical-Molecular Characteristics of the Brain Synaptic Membrane 
Glutamate Receptor 
E. K. Michaelis, M.L. Michaelis, H.H. Chang, R.M. Belieu, and R.D. 
Grubbs 
397 High Affinity Binding Sites for Ή-Glutamate in Hippocampal Mem­
branes: The Search for a Glutamate Receptor 
Michel Baudry and Gary Lynch 
405 GABA and Muscimol Binding Processes in CNS Tissue Culture Prepa­
rations 
F. V. DeFeudis, L . Ossola, L . L . Satiieve, G. Schmitt, G. Rebel, V. Varga, 
and P. Mandel 
CONTENTS 
411 Interaction of Depressant and Convulsant Drugs with the Picrotoxinin 
Binding Sites in Membranes and Solubilized Forms 
Μ. K. Ticku, T. P. Burch, and W. Davis 
421 GABA Binding to Dendrodendritic Synaptosomal Membranes from Rat 
Olfactory Bulbs 
Michael R. Quinn and Robert H. Cagan 
429 The Terms "High Affinity" and "High Capacity" as Conceptions in the 
Interaction of Amino Acids with Synaptic Membranes 
P. Lahdesmäki, Irma Pesonen, and Elsa Kumpulainen 
437 GABA and Glycine Receptors in CNS Cultures: Autoradiographic Binding 
and Electrophysiological Studies 
L . Hosli, Elisabeth Hösli, P. F. Andres, and H. Landolt 
445 GABA and Glycine Receptors in Rat Brain: Autoradiographic Localization 
Jose M. Palacios, James K. Wamsley, Marco A. Zarbin, and Michael J. 
Kuhar 
Developmental Studies on Amino Acids 
453 Development of GABA-Accumulating Neurons and Glial Cells in the Rat 
Visual Cortex 
Bibie M. Chronwall and Joachim R. Wolff 
459 Evidence for a Dual Role of GABA as a Synaptic Transmitter and a 
Promoter of Synaptogenesis 
J.R. Wolff 
467 Development of Excitatory Amino Acid Binding Sites in the Chick Optic 
Tectum 
Galo Ramirez, Javier Gomez-Barriocanal, Elena Ε sende ro, Segundo 
Fernandez-Quero, and Ana Bar at 
Biochemistry of Amino Acids: Enzymology and Metabolism 
475 Biochemistry of Centrally Active Amino Acids 
Herman S. Bachelard 
499 Properties and Kinetics of L-Glutamate Decarboxylase 
JrY. Wu, Υ. Υ. T. Su, D. Μ. K. Lam, and C. Brandon 
509 Neuron-Glia Interactions in the Biosynthesis and Release of Transmitter 
Amino Acids 
Anders Hamberger, Ingemar Jacobson, Peter Lindroth, Kenneth Mopper, 
Britta Νyström, Mats Sandberg, Sven-Olof Molin, and Ulf Svanberg 
xiv CONTENTS 
519 Autoradiographic and Immunocytochemical Evidence for the Existence of 
GABAergic Neurons in the Nucleus Raphe Dorsalis—Possible Existence 
of Neurons Containing 5HT and Glutamate Decarboxylase 
D. Nanopoulos, M. Maitre, M.F. Belm, Μ. Aguera, J. F. Pujol, H. 
Gamrani, and A. Calas 
527 Enzymology of the Alternative Reductive Pathway of GABA Catabolism 
Leading to the Biosynthesis of 7-Hydroxybutyrate 
C. D. Cash, J. F. Rumigny, P. Mandel, and M. Maitre 
537 Taurine Metabolism and Function 
P.F. Urban, P. Reichert, and P. Mandel 
545 An Alternate CSA Pathway Regulating Taurine Metabolism? 
M. Recasens and R. Benezra 
551 Some Aspects of Glycine Neurochemistry 
F. Mayor, F. Valdivieso, M. Ugarte, J. Benavides, M.L. Garcia, J . L . 
Lahoya, and F. Mayor, Jr. 
Amino Acid Neurotransmitters, 
edited by F. V. DeFeudis and P. Mandel, 
Raven Press, New York © 1981 
4-Aminopyridine Reveals Presynaptic GAB A 
Actions in Rat Sympathetic Ganglia 
P. Gräfe, Μ. Galvan, and G. ten Bruggencate 
Department of Physiology, University of Munich, 8000 München 2, Federal Republic of 
Germany 
GABA-receptors are p r e s e n t on p r e - and p o s t s y n a p t i c 
membranes i n mammalian s y m p a t h e t i c g a n g l i a ( 1 , 3^ 4, 
5 ) . R e c e n t l y , we have observed t h a t t h e a x o n a l Κ -
ch a n n e l b l o c k e r 4 - a m i n o p y r i d i n e (4-A Ρ) s e l e c t i v e l y 
enhances p r e s y n a p t i c e x c i t a b i l i t y i n i s o l a t e d r a t 
s y m p a t h e t i c g a n g l i a - a c o n d i t i o n which a l l o w s a 
p a r t i c u l a r l y c l e a r d e m o n s t r a t i o n o f p r e s y n a p t i c GABA-
e f f e c t s . T h i s i n t e r a c t i o n o f GABA and 4-AP has been 
used t o c h a r a c t e r i z e t h e p r e s y n a p t i c r e c e p t o r s , 
ACTIONS OF 4-AMINOPYRIDINE 
I n t r a c e l l u l a r r e c o r d i n g s were made from 35 neurones 
i n r a t i s o l a t e d s u p e r i o r c e r v i c a l g a n g l i a m a i n t a i n e d 
i n f l o w i n g Krebs' s o l u t i o n a t 25° or 30°C. Drugs were 
b a t h - a p p l i e d . 
The most o b v i o u s e f f e c t o f 4-AP on s y m p a t h e t i c 
neurones was a s i g n i f i c a n t i n c r e a s e i n t h e fr e q u e n c y 
o f spontaneous p o s t s y n a p t i c p o t e n t i a l s . Thus, a f t e r 
s e v e r a l m i n u t e s s u p e r f u s i o n w i t hi s o l u t i o n s c o n t a i n ­
i n g 0.1 - 1 mmol/1 4-AP, 25 out o f 36 c e l l s e x h i b i t e d 
spontaneous e x c i t a t o r y p o s t s y n a p t i c p o t e n t i a l s (EPSPs) 
as w e l l as a c t i o n p o t e n t i a l s (see f i g . 1 ) . 
EPSPs and a c t i o n p o t e n t i a l s were r e v e r s i b l y 
a b o l i s h e d by t h e n i c o t i n i c r e c e p t o r a n t a g o n i s t hexa-
methonium (0.5 - 2 mmol/1), i n d i c a t i n g t h a t t h e a c t i o n 
p o t e n t i a l s r e s u l t e d from s u p r a t h r e s h o l d EPSPs. Since 
t h e r e were no marked changes i n r e s t i n g membrane 
p o t e n t i a l and i n p u t r e s i s t a n c e , we concl u d e t h a t 4-AP 
enhances p r e s y n a p t i c e x c i t a b i l i t y i n r a t s y m p a t h e t i c 
g a n g l i a l e a d i n g t o spontaneous r e l e a s e o f a c e t y l ­
c h o l i n e . 
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ACTIONS OF GABA ON 4-AM1 NOPYRIDI NE 
F i g u r e 1 i l l u s t r a t e s t h e a c t i o n o f 100 μπιοΐ/i GABA 
d u r i n g a c o n t i n u o u s a p p l i c a t i o n o f 100 μπιοΐ/l 4-AP . 
Under such c o n d i t i o n s , GABA c l e a r l y i n c r e a s e d t h e 
f r e q u e n c y o f 4-AP induced spontaneous EPSPs; t h e 
n e u r o n a l d e p o l a r i z a t i o n produced by GABA remained 
unchanged ( n o t i l l u s t r a t e d ) . Hexamethonium a l s o 
a b o l i s h e d t h e GABA-induced i n c r e a s e s i n spontaneous 
EPSPs/spikes i n d i c a t i n g t h a t i n the presence o f 4-AP, 
p r e s y n a p t i c a c t i o n s o f GABA are r e v e a l e d . The q u e s t i o n 
r e mains as t o whether t h i s i n t e r a c t i o n r e s u l t s from 
GABA a c t i o n on nerve t e r m i n a l s ( 3 , 6) or t h e a f f e r e n t 
a x o n a l membrane ( 3 , 4, 6 ) . 
5 a d d i t i o n a l e x p e r i m e n t s u s i n g e x t r a c e l l u l a r r e ­
c o r d i n g s w i t h s u c t i o n e l e c t r o d e s on t h e p o s t g a n g l i o n i c 
n e r ve were p e r f o r m e d . T h i s method a l l o w e d a s i m p l e r 
a n a l y s i s o f the 4-AP/GABA i n t e r a c t i o n . F i g u r e 2, f o r 
example, i l l u s t r a t e s t h a t t h e fr e q u e n c y o f 4-AP 
i n d u c e d p o s t s y n a p t i c p o t e n t i a l s i n c r e a s e d from about 
0.25 Hz t o 4 Hz i n t h e presence o f 100 μποοί/ΐ GABA, 
an e f f e c t b l o c k e d by hexamethonium. 
EFFECTS OF BICUCULLINE AND SOME GABA-MIMET I CS 
S e v e r a l e x p e r i m e n t s , u s i n g b i c u c u l l i n e m e t h o c h l o r i d e 
and GABA-mimetics were performed t o c h a r a c t e r i z e t h e 
GABA-receptors r e s p o n s i b l e f o r the e f f e c t s d e s c r i b e d . 
T h is seemed i n t e r e s t i n g i n view o f the r e c e n t 
s u g g e s t i o n t h a t a second t y p e o f b i c u c u l l i n e -
i n s e n s i t i v e , p r e s y n a p t i c GABA r e c e p t o r e x i s t s i n t h e 
mammalian p e r i p h e r a l nervous system ( 2 ) . I t was ob­
serv e d t h a t t h e a c t i o n o f 100 μιηοΐ/ΐ GABA i n 4-AP 
was mimicked by 3-aminopropanesulphonic a c i d (30-50 
μιτιοΐ/ΐ; 9 c e l l s t e s t e d ) and muscimol (50 μπιοΐ/ΐ; 
3 c e l l s ) , b u t not by b a c l o f e n (100-200 μΐϊΐο1/1;8 c e l l s ) , 
g l u t a m a t e , g l y c i n e or t a u r i n e ( a l l 1 mmol/1; 2 c e l l s ) . 
B i c u c u l l i n e m e t h o c h l o r i d e (30 μπιοΐ/ΐ; 4 c e l l s ) r e -
v e r s i b l y a n t a g o n i s e d t h e p r e - and p o s t s y n a p t i c a c t i o n s 
of GABA. 
T h e r e f o r e , i t appears t h a t t h e GABA r e c e p t o r s r e ­
s p o n s i b l e f o r t h i s p r e s y n a p t i c a c t i o n are s i m i l a r 
t o t h o s e p r e s e n t on t h e p o s t s y n a p t i c membrane o f 
mammalian p e r i p h e r a l and c e n t r a l neurones ( 7 ) . 
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C O N T R O L 4AP + G A B A 
> IOOJJMC 
H E X A M E T H O N I U M 5 0 0 ^ 1 
FIG. 2. P a r t A shows an AC-coupled r e c o r d i n g o f 
spontaneous p o t e n t i a l s measured from a s u c t i o n 
e l e c t r o d e c o n t a i n i n g t h e p o s t g a n g l i o n i c s y m p a t h e t i c 
n e r v e . D u r i n g a p p l i c a t i o n o f 100 μπηοΐ/ΐ GABA i n 
100 μπιοΐ/ΐ 4-AP, " b u r s t s " o f p o s t s y n a p t i c p o t e n t i a l s 
c o u l d be r e c o r d e d . P a r t Β shows t h e complete ex­
p e r i m e n t from which t h e examples i n A were t a k e n . 
The o r d i n a t e i n d i c a t e s f r e q u e n c y o f p o t e n t i a l s ( B i n 
w i d t h = 20 s e c ) ; a b s c i s s a t i m e . A d d i t i o n o f 4-AP l e d 
t o a s m a l l e r number o f spontaneous p o t e n t i a l s , t h e 
f r e q u e n c y o f which was g r e a t l y enhanced d u r i n g 
a d d i t i o n o f GABA. A b r i e f a p p l i c a t i o n o f hexamethoniurn 
a l m o s t c o m p l e t e l y a b o l i s h e d t h i s e f f e c t . 
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